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Description 

It is known to produce nucleotides or polynucleotides which are radioactively labeled, such as with 
isotopes or hydrogen ( 3 H), phosphorus PP), carbon <'*C) or iodine ( 12S I). Such radioactively labeled 
compounds are useful to detect, monitor, localize and isolate nucleic acids and other molecules of scientific 
or clinical interest. Unfortunately, however, the use of radioactively labeled materials presents hazards due 
to radiation. Also due to the relatively short half life of the radioactive materials employed to label such 
compounds or materials, the resulting labeled compounds or materials have a corresponding relatively short 
shelf life. 

It has been proposed to chemically label compounds of interest, such as nucleotides and poly- 
nucleotides, so as to overcome or avoid the hazards and difficulties associated with such compounds or 
materials when radioactively labeled. In the article by P.R. Langer, A. A. Waldrop and D. C. Ward entitled 
"Enzymatic Synthesis of Biotin-Labeled Polynucleotides: Novel Nucleic Acid Affinity Probes", in Proc. NatL 
Acad Sci., USA, Vol. 78, No. 11, pp. 6633-6637, November, 1981, there are described analogs of dUTP 
and UTP that contain a' biotin molecule bound to the C-5 position of the pyrimidine ring through an 
alkylamine linker arm. The biotin-labeled nucleotides are efficient substrates for a variety of DNA and RNA 
polymerases in vitro. Polynucleotides containing low levels of biotin substitution (50 molecules or fewer per 
kilobase) have denaturation, reassociation and hybridisation characteristics similar to those of unsubstituted 
controls Biotin-labeled polynucleotides, both single and double stranded, are selectively and quantatively 
retained on avidin-Sepharose, even after extensive washing with 8M urea, 6M guanidine hydrochloride or 
99% formamide. In addition, biotin-labeled nucleotides can be selectively immunoprecipitated in the 
presence of antibiotin antibody and Staphylococcus aureus , Protein A. These unique features of biotin- 
labeled polynucleotides suggest that they are useful affinity probes for the detection and isolation of specific 

DNA and RNA sequences. ^ 
The subject matter of said article is comprised in EP-A2-0063879 in which additionally it is disclosed 

that compounds having the structure: 



x-CE 




46 



wherein B represents a purine, deazapurine, or pyrimidine moiety covalently bonded to the C -position of 
the sugar moiety, provided that when B is purine or 7-deazapurine, it is attached at the N'-posrf.on of the 
purine or deazapurine, and when B is pyrimidine, it is attached at the N 1 -position; 

wherein A represents a moiety consisting of at least three carbon atoms which is capable of forming a 
detectable complex with a polypeptide when the compound is incorporated into a double-stranded 
ribonucleic acid, deoxyribonucleic acid duplex, or DNA-RNA hybrid; 

wherein the dotted line represents a chemical linkage joining B and A, provided that if B is purine the 
linkage is attached to the 8-position of the purine, if B is 7-deazapurine, the linkage is attached to the 7- 
position of the deazapurine, and if B is pyrimidine, the linkage is attached to the 5-position of the 
pyrimidine; and 

wherein each of x. y.and z represents 

O OO 0 0 0 

II 11 II \\ \\ \\ 

H0-, H0-P-O-, HO-P-0-P-0-, or HO-PHD-P-0-P-0-, 
lit 111 
OH OH OH OH OH OH 

55 either directly, or when incorporated into oligo- and polynucleotides, provide probes which are widely usely. 
Applications disclosed in EP-A2-0 063 879 include detection and localization of polynucleotide se- 
quences in chromosomes, fixed cells, tissue sections and eel! extracts. Specific applications include 
chromosomal karyotyping, clinical diagnosis of nucleic acid-containing etiological agents, e.g. bacteria, 
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viruses, or fungi, and diagnosis of genetic disorders. 

By way of additional background with respect to the utilization of the biotin-polynucleotides of the 
above-identified Langer et al article in Proc . Natl . Acad . Sci . USA, the publication by P. R. Langer-Safer, M. 
Levine and D. C. Ward in Genetics entitled "An Immunological Method for Mapping Genes on Drosophila 

5 Polytene Chromosomes", describes a method employing biotinated nucleotides as a probe for the 
localization of DNA sequences hybridized in situ to Drosophila polytene chromosomes. In this application 
these probes are detected using affinity purified rabbit antibiotin antibody as the primary antibody and 
fluoresceinated goat antirabbit antibody as the secondary antibody. 

Other techniques employing biotin-labeled reagents with avidin or enzyme-labeled avidin reagents are 

70 known for the detection and determination of ligands in a liquid medium, see U.S. Patent 4,228,237. Also, it 
is known to effect gene enrichment based on avidin-biotin interaction, particularly as applied to Drosophila 
ribosomal RNA genes, see the J. Manning, M. Pellegrini and N. Davidson publication in Biochemistry , Vol. 
16, No. 7, pages 1364-1369 (1977). Other publications of background interest with respect to the practices 
of this invention are the D. J. Eckermann and R. H. Symons article entitled "Sequence at the Site of 

75 Attachment of an Affinity-Label Derivative of Puromycin on 23-S Ribosomal RNA of Escherichia coli 
Ribosomes", J. Biochem , 82, 225-234 (1978); the article by S. B. Zimmerman, S. R. Kornberg and A. 
Kornberg entitled "Glucosylation of Deoxyribonucleic Acid-ll -Glucosyl Transferases from T2- and T6- 
Infected Escherichia coli in The Journal of Biological Chemistry , Vol. 237, No. 2, February 1962, and the 
article by J. Josse and A. Kornberg "III. a-and 0-Glucosyl Transferases from T4-lnfected Escherichia coli ", 

20 also appearing in The Journal of Biological Chemistry , Vol. 237, No. 6, June 1962. 

Of further interest in connection with the practices of this invention are the publications appearing in the 
J. Biol. Chem. , Vol. 236, No. 5, May 1961, pages 1487-1493; the same publication, Vol. 237, No. 4, pages 
1251-1259 (1962); the same publication Vol. 239, No. 9, pages 2957-2963 (1964). Of special interest is the 
article appearing in The Journal of Histochemistry and Cytochemistry , Vol. 27, No. 8, pages 1131-1139 

25 (1979) and in the publication Nucleic Acids Research , Vol. 5, No. 9, 1977, pages 2961-2973. Also of interest 
is the article appearing in the publication Biochimica et Biophysica Acta by A. De Waard entitled 
"Specificity Difference Between the Hydroxymethylcytosine £-Glucosyl-Transferases Induced by Bac- 
teriophages T2, T4 and T6", pages 286-304, and also the article by T. W. North and C. K. Mathews entitled 
"T4 Phage-Coded Deoxycytidylate Hydroxymethylase: Purification and Studies in Intermolecular Inter- 
so actions", published by Academic Press, 1977, pages 898-904 and the article by E. A. Bayer and M. 
Wilchek entitled "The Use of Avidin-Biotin Complex as a Tool in Molecular Biology in Methods of 
Biochemical Analysis , Vol. 26, pages 1-45 (1980). 

Other techniques useful in the practices of this invention include nick translation of DNA employing 
DNA polymerase. A technique for effecting nick translation is disclosed in the article by P. W, Rigby, M. 

35 Dieckmann, C. Rhodes and P. Berg entitled "Labeling Deoxyribonucleic Acid to High Specific Activity in 
vitro by Nick Translation with DNA Polymerase" in J. MoL BioL (1977), 113, 237-251. With respect to the 
recovery of streptavidin, such as from a culture broth of Streptomyces avidinii , the article by K. Hofmann, S. 
W. Wood, C. C. Brinton, J. A. Montibeller and F. M. Finn entitled "Iminobiotin Affinity Columns and their 
Application to Retrieval of Streptavidin" in Proc. Natl. Acad. Sci. USA, Vol. 77, No. 8, pp. 4666-4668 (1980), 

40 discloses a suitable approach for the recovery of streptavidin from a strepavidin-containing material, such as 
from a culture broth. Streptavidin is useful as a reagent in one of the practices of this invention. 

The present invention relates to nucleotides which are modified, such as at the 5 position of pyrimidine 
or the 7 position of purine, preparatory for the preparation therefrom of nucleotide probes suitable for 
attachment to or incorporation into DNA or other nucleic acid material. In the practices of this invention 

45 nucleotides, i.e. nucleic acids, preferably are modified in a non-disruptive manner such that the resulting 
modified nucleotides are capable of incorporation into nucleic acids and once incorporated in nucleic acids 
the modified nucleotides do not significantly interfere with the formation or stabilization of the double helix 
formed of the resulting nucleic acids containing the modified nucleotides. The non-disruptive modification of 
nucleotides and nucleic acids incorporating such modified nucleotides is in contrast with those modifications 

so of nucleotides which are characterized as a disruptive modification in the sense that the resulting 
disruptively modified nucleotides and nucleic acids containing the same block proper double helix 
formation. In the practices of this invention, the nucleotides are desirably modified at the 5 position of the 
pyrimidine or the 7 position of the purine. The nucleotides so modified are non-disruptively modified and 
nucleic acids containing such nucleotides are capable of forming a double helix arrangement In the 

55 practices of this invention, the nucleotides are also modified in the disruptive positions, as set forth in the 
description that now follows. 

The present invention relates to a nucleotide to which is covalently attached a moiety that is capable of 
chelating a ion, whereby the nucleotide is selected from the group consisting of: 
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(i) a nucleotide having the formula 
P-S-B-Sig 

wherein P is a phosphate moiety, S is a sugar moiety, B is a pyrimidine, purine or 7-deazapurine moiety, 
Sig Comprises a moiety capable of chelating a detectable ion, P being attached at the 3* or the 5' 
position of S when the nucleotide is a deoxyribonucieotide and at the 2\ 3* or 5* position when the 
nucleotide is a ribonucleotide, B being attached to the V position of S from the N 1 position when B is a 
pyrimidine or the N 3 position when B is a purine or a 7-deazapurine, and Sig is directly or indirectly 
attached to B at a position other than the C 5 position when B is a pyrimidine, at a position other than the 
C 8 position when B is a purine and at a position other than the C 7 position when B is a 7-deazapurine; 

(ii) a ribonucleotide having the formula, 

Sig 

P S B 

wherein P is a phosphate moiety, S is a sugar moiety, B is a pyrimidine, purine or 7-deazapurine moiety, 
and Sig comprises a moiety capable of chelating a detectable ion, P being attached at the 2\ 2' or 5' 
position of S, B being attached to the V position of S from the N 1 position when B is a pyrimidine or the 
N 9 position when B is a purine or 7-deazapurine; and Sig is directly or indirectly attached to S; and 

(iii) a nucleotide having the formula, 

Sig 

P S B 

wherein P is a phosphate moiety, S is a sugar moiety, B is a pyrimidine purine or 7-deazapurine moiety, 
Sig comprises a moiety capable of chelating a detectable ion, P being attached to the 3' or the 5' 
position of S when said nucleotide is a deoxyribonucieotide and at the 2\ 3' or 5' position when said 
nucleotide is a ribonucleotide, B being attached to the 1 * position of S from the N 1 position when B is a 
pyrimidine or the N 9 position when B is a purine, and wherein Sig is directly or indirectly attached to P. 
Preferred embodiments of the present invention are explained in detail in the following enumeration. 

1 . A nucleotide having the general formula P-S-B-Sig wherein P is the phosphoric acid moiety, S the 
sugar or monosaccharide moiety, B being the base moiety, the phosphoric acid moiety being attached at 
the 3' and/or the 5* position of the sugar moiety when said nucleotide is a deoxyribonucieotide and at the 
2', 3' and/or 5' position when said nucleotide is a ribonucleotide, said base being a purine or a 
pyrimidine, said base being attached from the N1 position or the N9 position to the V position of the 
sugar moiety when said base is a pyrimidine or a purine, respectively, and wherein said Sig comprises a 
moiety capable of chelating a detectable ion. 

2. A nucleotide in accordance with item 1 wherein said nucleotide is a deoxyribonucieotide. 

3. A nucleotide in accordance with item 1 wherein said nucleotide is a ribonucleotide. 

4. A nucleotide in accordance with item 1 wherein said chemical moiety Sig is chemically attached to B 
at the N7 position when B is a 7-deazapurine, at the C5 position when B is a pyrimidine and at the C8 
position when B is a purine. 

5. A nucleotide in accordance with item 1 wherein Sig is attached to B at a position such that an 
oligonucleotide or polynucleotide containing said nucleotide is capable of forming a double-stranded 
ribonucleic acid, a double-stranded deoxyribonucleic acid or a DNA-RNA hybrid, or when said nucleotide 
is incorporated into said oligonucleotide or polynucleotide. 

6. A nucleotide in accordance with item 1 wherein Sig is attached to B at a position such that said 
nucleotide is capable of being incorporated into or to form a double-stranded ribonucleic acid, a double- 
stranded deoxyribonucleic acid or a double-stranded deoxyribonucleic acid-ribonucieic acid hybrid. 

7. A nucleotide in accordance with item 1 wherein Sig is attached to B at a position such that when said 
nucleotide is incorporated into or attached to or associated with a double-stranded deoxyribonucleic acid 
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or double-stranded ribonucleic acid or DNA-RNA hybrid, said chemical moiety Sig is capable of 
signalling itself or making itself self-detecting or its presence known. 

8. An oligonucleotide or polydeoxyribonucleotide comprising one or more nucleotides in accordance with 

9 6 A^ oligonucleotide or polyribonucleotide comprising one or more nucleotides in accordance with item 

10 A nucleotide in accordance with item 1 wherein said Sig is attached to said base B at the C5 position 
when said base B is a pyrimidine or at the C7 position when said base B is a deazapurm. 

11. A nucleotide in accordance with item 1 wherein said base B is a pyrimidine and wherein said Sig 
chemical moiety is attached to the pyrimidine at the N3 position. 

12. A nucleotide in accordance with item 1 wherein said base B is a pyrimidine and where.n sa.d Sig 
chemical moiety is attached to the pyrimidine at the C5 position. 

13. A nucleotide in accordance with item 1 wherein said base B is a pyrimidine and where.n said Sig 
chemical moiety is attached to the pyrimidine at the C6 position. ^ 

14. A nucleotide in accordance with item 1 wherein said base B is a purine and where.n sa.d S.g 
chemical moiety is attached to the purine at the N1 position. 

15. A nucleotide in accordance with item 1 wherein said base B is a purine and where.n sa.d Sig 
chemical moiety is attached to the purine at the C2 position. ^ 

16. A nucleotide in accordance with item 1 wherein said base B is a purine and where.n sa.d S.g 
chemical moiety is attached to the purine at the N3 position. „ . , e . 

17. A nucleotide in accordance with item 1 wherein said base B is a purine and where.n said S.g 
chemical moiety is attached to the purine at the N7 position. 

18. A nucleotide in accordance with item 1 wherein said base B is a purine and wherein said S.g 
chemical moiety is attached to the purine at the C8 position. 

19 A nucleotide in accordance with item 1 wherein said S sugar is a pentose. 

20*. A nucleotide in accordance with item 1 wherein said base B is a 7-deazapurine and where.n said S.g 
chemical moiety is attached to the 7-deazapurine at the C7 position. 

21. A nucleotide in accordance with item 1 wherein said Sig chemical moiety includes or comprises a 
radioactive isotope. 

22 A nucleotide in accordance with item 21 wherein said radioactive isotope is radioactive cobalt. 

23 A Single-stranded polynucleotide comprising one or more nucleotides in accordance with item 1 . 

24. A single-stranded polynucleotide in accordance with item 23 wherein said single-stranded poly- 
nucleotide is a polydeoxyribonucleotide. 

25. A single-stranded polynucleotide in accordance with item 23 wherein said single-stranded poly- 
nucleotide is a polyribonucleotide. 

26 A double-stranded polynucleotide comprising one or more nucleotides in accordance with item 1 . 
27^ A double-stranded polynucleotide in accordance with item 26 wherein said double-stranded poly- 
nucleotide is a double-stranded deoxyribonucleic acid. 

28. A double-stranded polynucleotide in accordance with item 26 wherein said double-stranded poly- 
nucleotide is a double-stranded ribonucleic acid. 

29. A double-stranded polynucleotide in accordance with item 26 wherein said double-stranded poly- 
nucleotide is a double-stranded deoxyribonucleic acid-ribonucleic acid hybrid. 

30. A single-stranded polynucleotide comprising at least 12 nucleotides, at least one of said nucleot.des 
being a nucleotide in accordance with item 1 



31 . A nucleotide 

32. A nucleotide 

33. A nucleotide 

34. A nucleotide 

35. A nucleotide 

36. A nucleotide 

37. A nucleotide 

38. A nucleotide 

39. A nucleotide 



n accordance with 
n accordance with 
n accordance with 
n accordance with 
n accordance with 
n accordance with 
n accordance with 
n accordance with 
n accordance with 



item 1 wherein said base B 
item 1 wherein said base B 
item 1 wherein said base B 
item 1 wherein said base B 
item 1 wherein said base B 
tern 1 wherein said base B 
tern 1 wherein said base B 
tern 1 wherein said base B 



s cytosine. 
s uracil, 
s thymine, 
s adenine, 
s guanine, 
is 2-methyladenine. 
s 1-methylguanine. 
s 5-methylcytosine. 
s 5-hydroxymethylcytosine. 



a nudeauuw n. ^u.ua.., 0 ~. u . -tern 1 wherein said base B , 

40. A nucleotide in accordance with item 1 wherein said Sig chemical moiety comprises a chelating 

agent. 

41. A nucleotide in accordance with item 1 wherein said base B is deazaademne. 

42. A nucleotide in accordance with item 1 wherein said base B is deazaguanine. 
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43. A nucleotide in accordance with item 1 wherein said Sig chemical moiety is connected to said base 
ITnSS Tac'cordance with item 43 wherein said chemical linkage includes an o.efinic bond at 
S V^T^S^^ item 43 wherein said chemical linkage includes the moiety, 

- CH 2 - NH - . 

46. A nucleotide in accordance with item 43 wherein said chemical linkage is, 

- CH = CH - CH 2 - NH - . 

47. A nucleotide in accordance with item 1 wherein the chemical moiety is, 

- CH = CH - CH 2 " 0 - CH 2 - CH - CH 2 - NH - 

t 

OH . 

20 48. A nucleotide in accordance with item 46 wherein said Sig chemical moiety is attached to the - NH 

group of said chemical linkage. 

49. A ribonucleotide having the general formula, 

25 Sig 

i 

P - S - B 
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wherein P is a phosphate moiety, S is a sugar moiety. B is a W^'^^^ 
«v?Sta comorises a moiety capable of chelating a detectable ion, P be.ng attached at the 2, 3 or 5 
£5 o,Tb bein g T tt acL to the V position of S from the N 1 position when E > , ; > a i pynm.d.ne or the 
Np position when B is a purine or 7-deazapurine; and Sig is directly or indirectly attached to S. 
50 ^ ribonucleotide in accordance with item 49 wherein said Sig chemical moiety is attached to the C2 

with item 49 wherein said Sig chemical moiety is attached to the C3' 

^ ~ ! 
X-eTf^ •£ « • DNA-RNA hybrid when said ribonuc.eotide is 

incorDorated into said oligoribonucleotide or said polyribonucleotide. 

M A polyribonucleotide comprising at least one ribonucleotide in accordance with item 49. 

54. A nbonucieotide in accordance with item 1 wherein said base B is a pynmjdme. 

55 A ribonucleotide in accordance with item 49 wherein said base B is a punne. 

56 A ribonucleotide in accordance with item 49 wherein said base B is uracil. 

57 A ribonucleotide in accordance with item 49 wherein said base B is adenine. 

58 A ribonucleotide in accordance with item 49 wherein said base B ,s guanine. 
59' A ribonucleotide In accordance with item 49 wherein said base B is cytosine. 

--^^^^ 

itT^^^^^s with item 61 wherein said radioactive isotope component is 

efSetranded polyribonuc.eotide comprising one or more ribonucleotides in accordance with item 
4° saS sinate stranded polyribonucleotide comprising at least three said nbonculeotdes. 
64'. A single stranded polyribonucleotide comprising at .east twelve ribonucleotides and containmg at 
least one ribonucleotide in accordance with item 49. 
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65. A nucleotide having the general formula 



Sig 
P - S - B 



wherein P is a phosphate moiety, S is a sugar moiety, B is a pyrimidine, purine or 7-deazapunne moiety. 
Siq comprises a moiety capable of chelating a detectable ion, P being attached to the 3' or the 5 
position of S when odd nucleotide is a deoxyribonucleotide and at the 2\ 3' or 5' position when said 
nucleotide is a ribonucleotide, B being attached to the V position of S from the N 1 position when B is a 
pyrimidine or the N 9 position when B Is a purine, and wherein Sig is directly or indirectly attached to P. 
66. A nucleotide in accordance with any of the previous items wherein said chelating agent includes the 
chemical moiety 




CH2COOM 

CH2COOM 
/CH 2 COOM 

CH 2 COOM 



wherein M is H or a substitutable metal. 

67. A nucleotide in accordance with item 66 wherein said metal is magnesium or a metal replaceable by 

Si ^polynucleotide containing one or more nucleotides in accordance with item 1 or item 49 or item 65 
wherein said Sig chemical moiety includes a chelating agent. 

69. A polynucleotide containing a nucleotide in accordance with item 1 or item 49 or item 65 wherein 
said Sig chemical moiety includes a chelating agent in accordance with Claim 66. 

70. A nucleotide in accordance with item 66 wherein said metal is a catalytically active metal. 

71. A nucleotide in accordance with item 66 wherein said metal is a heavy metal. 

72. A nucleotide in accordance with item 66 wherein said metal is radioactive cobalt. 
73 A nucleotide in accordance with item 66 wherein said metal is magnesium. 

74* A ribonucleotide in accordance with item 1 or item 49 or item 65 wherein said Sig chemical moiety 

includes a chelating agent. . , 

75. A deoxyribonucleotide in accordance with item 1 or item 49 item 65 wherein said Sig chemical 

moiety includes a chelating agent. 

76. A nucleotide in accordance with item 66 wherein said metal M is a radioactive isotope. 
77 A nucleotide in accordance with item 66 wherein said metal is platinum. 

78. A nucleotide in accordance with item 66 wherein said M is hydrogen or a substitutable metal or a 
radioactive element. 

79. The compound 



H 




y CH 2 COOM 
-N — CH2COOM 

_ N ^* CH 2 COOM 
^ CH 2 COOM 



H 



wherein M is hydrogen or a metal. 
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80. The compound 



H 

nucleotide-allyl-C-N- 



10 




CH2COOM 
CH2COOM 



- N /CH 2 COOM 
^ CH2COOM 



75 



wherein M is hydrogen or a metal. 

8! A compound in accordance with item 80 wherein said nucleotide is a deoxynbonucleot.de. 

82. A compound in accordance with item 80 wherein said nucleotide is a nbonucleot.de. 

83. The compound 



20 



H H 
dUTP -a 1 ly 1-N-C-N - 

S 

H 2 - 



25 




CH 2 COOM 

CH 2COOM 
/ CH2COOM 

~ N ^CH 2 CO0M 
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S" A Items 1. • „ « ,h 9 S, a drt. ™,o„ c^pr,- »» 

chemical moiety 



H 

-allyl-C-N- 

s 

H 2 - 



H 2 

I 




/ CH 2 COOM 
-N ^CH2COOM 

_ N / CH 2 C00M 
^ CH2COOM 



H 



85 A Dolvnucleotide containing one or more nucleotides in accordance with item 84 
deoxyribonucleotide or a smgie-stranded nbur.ucectic-e or a a-L„.e s..*..u- 

h 87 br A nucleotide in accordance with item 1, wherein said Sig component comprises a radioactive 
rA 0 sSe-stranded polynuc.eotide comprising one or more nucleotides in accordance with item 1. 
Tt^^^Z^ one or more nuclides in accordance with item 1 and 
TT^^^^T^ said Sig component comprises a radioactive 
91°' ^polynucleotide comprising a ribonucleotide in accordance with item 49 wherein said Sig moiety is 

T^Z^co^o, with item 65, wherein said Sig moiety thereof is radioactiveiy labeled 
L ^poCucieotide comprising one or more nucleotides in accordance with ,tem 65 where.n sa,d S.g 
moiety thereof is radioactiveiy labeled. 
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Of soecial importance and significance in the practices of this invention ,s the ut.lizat.on of se 
or ^S^S^MrtBcdnS acids, particulariy such nucleic acids which are capable .of -tang 

1h in Hnuh!e- S tranded DNA and the like. Such self-signaling or self-detecting nucle,c acids can be 
Tt'Jb ^ covlnratchtg to an allylamine substituent making up a modified nucleotide in accordance 

« will chelate specific ions, e.g. heavy metals, rare earths, etc. in genera 
I cEelld ion can be detected either (a) by radioactive emission or (b) by using the ,on to catalyze a 

3 - 4 - dinitro pheno ' is reduced 10 3,4 - diamino cyclohexane 



HO 



I) 



H 2 



A. 



75 



HO >^NH 2 



20 



25 



This material is then brominated 



2) 




HBr , Y T ' 



2 ^ " - 2 



to form 3.4-diamino bromo cyclohexane (dABCH). This compound is reacted with halide (CI. BnJ) 
sJsZed carboxymethy. compound to produce a tetra carboxymethy. der,vat,ve or dABCH (TCM 

30 dABCH): 



35 



3) 




+{XCH -COOt * 

2 l n 



CH-CCO 
/ 2 




40 



The bromine is substituted by an amino group using soluble ammonia: 



45 



4) 




+ HE ' ilia) 
4 




50 



Then this compound is reacted with chloro thiophosgene to produce the isothiocyanate derivative of (TCM- 
dANCH). 



55 



10 




jo Finally, this compou 



nd is reacted with dUTP-allylamine derivative to produce modified dUTP. 



S-C=N 



75 



6) 



dUTT-Allyl amine + 




^CS-COO 

20 H H >\^*ls CTi COO 

dUTT-AHyl-N - C - N — f y u * 2 

CH.cao 

^CH COO 



25 



30 



35 




listed immediately hereinafter. 
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Antimony-124 


lodine-125 


Scandium-44 


Antimonv-125 


lodine-131 


Scandium-46 


Arsenic-74 


lodine-132 


Selenium-75 




lridium-192 


Silver-110m 


Barium-1 33 


lron-55 


Silver-111 


Barium-1 40 


lron-59 


Sodium-22 


Bervllium-7 




Strontium-85 


Bismuth-206 


Krypton-85 


Strontium-89 


Bismuth-207 




Strontium-90 




Lead-210 


Sulphur-35 


Cadmium-1 09 

V^^l^vl till \i* lit * ^* 


Lutecium-177 




Cadmium-1 15m 




Tantalum-182 


Calcium-45 

v t \J 111 ■ 


Manganese-54 


Technetium-99 


Carbon-14 


Mercury-197 


Tel!urium-125m 


Cerium-139 


Mercury-203 


Tellurium-132 


Cerium-141 


Molybdenum-99 


Terbium-160 


Cerium-144 




Thallium-204 




Neodymium-1 47 


Thorium-228 


Cesium-137 


Neptunium-237 


Thorium-232 


Chlorine-36 


Nickel-63 


Thulium-170 


Phrnmium-51 


Niobium-95 


Tin-113 


Oobalt-56 




Titanium-44 


Cobalt-57 


Osmium-185 + 191 


Tritium 


Cobalt-58 




Tungsten-185 


Pnha!t-60 

vUUoll Uv 


PaIladium-103 


Vanadium-48 


Erbium-169 


Platinum-195m 


Vanadium-49 


Europium-152 


Praseodymium-1 43 




Promethium-147 


Ytterbium-169 


Gadolinium-153 


Protactinium-233 


Yttnum-88 


Gold-195 




Yttrium-90 


Gold-199 


Radium-226 
Rhenium-186 


Yttrium-91 


Hafnium- 175 


Rubidium-86 


Zinc-65 


Hafnium-175 + 181 


Ruthenium-103 


Zirconium-95 


Hafnium-181 


Ruthenium-106 




Hydrogen-3 see Tritium 







Another aspect of the practices of this invention which is particularly advantageous is to carry out the 
detection or hybridization in the liquid phase between the DNA sought to be detected and the DNA 
detecting probe. In this liquid phase system both the DNA molecule to be detected and the appropriate 
DNA detecting probe are not attached to any insoluble substrate or any insoluble chemical moiety. The 
advantages of the liquid phase detection system reside in the speed of hybridization or hybrid formation 
between the DNA to be detected and the appropriate DNA probe therefor. For example, in a solid-liquid 
system the time required to effect recognition and hybridization formation is about ten times greater than if 
it were carried out in a completely liquid system, i.e. both DNA to be detected and the detecting DNA are 

not attached to an insoluble moiety. 

The probes prepared in accordance with the practices of this invention are adaptable for use in the 
detection of viruses and bacteria in fluids as indicated hereinabove. Where the fluids to be examined do not 
contain large amounts of protein, the viruses therein can be concentrated by absorption on hydroxyapatite 
and eluted in a small amount of phosphate buffer. When the fluid to be examined contains large amounts of 
protein, the viruses can be concentrated by high speed centrifugation. 

If antibody were available, absorption on an affinity column and elution with acid would be preferable 
because it would be possible to process many probes in accordance with the practices of this invention at 
the same time. The bacteria to be examined are usually readily concentrated by centrifugation. 

In accordance with the practices of this invention, the identification or characerization of the isolated 
particles, viruses and bacteria, would be hybridization of the characterizing or identifying DNA thereof with a 
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10 



specific single stranded DNA probe prepared in accordance with the practices of this invention Arte 
hybridization, excess non-hybridized probe DNA would be digested with Si nuclease and exonudease I 
from E coli at a high salt content to suppress the nicking activity of the Si nuclease, see Vogt, Methods in 
Enzvmoic^Ty Vol 65 pages 248-255 (1980). This nuclease treatment would produce mononucleotides from 
the excess, 'non-hybridized single-stranded DNA probe but would leave the double-stranded, hybridised 
DNA intact This would then be absorbed at a high salt content on a Dowex anion exchanger (the 
nucleotides and the small amount of oligonucleotides will not bind to the resin in high salt concentration). 
The resulting hybridized DNA would then be identified or characterized by various procedures applicable to 

the practices of this invention. 

The special nucleotides of this invention include a phosphoric acid P moiety, a sugar or monosac- 
charide S moiety, a base B moiety, a purine or a pyrimidine and a signalling chemical moiety S.g covalently 
attached thereto, either to the P, S or B moiety. Following are structural formulas of various base B moieties 
and nucleotides which are modified in accordance with the practices of this invention. 
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The major purines 
Adenine 
(6-aminopur ine) 

NH 2 

I 



N 
I 

HC 



1 - W C- 



7^ 

srH 



Guanine 
(2-amino-6-oxypurine) 
0 



HNi * ^ 
I II PH 



H 



75 



20 



25 



30 



35 



40 



45 



50 



Two minor purines 

2-Me thyladenine 

NH 2 

I II -CH 

CH 3 -C 4 3>C^/ 

H 

The major pyrimidines 

Cytosine 
(2-oxy-4-aminopyr imidine) 

NH 2 

^ - 

n * c: 
I. II 



— r-2 



o=c 



H 



1-Me thylguanine 
0 

I II CH 
H 2 N-C4 N ^C-s. N / 

H 



CH 3 



Uracil 

(2,4 -dioxypyr iraidine) 
O 

HN 3 * CH 
11 

H 



Thymine 

(5-methyl-2 ,4 -dioxypyr imidine) 

O 
11 



Two minor pyrimidines 
5-Me thy Icy tcs ine 
NH 2 

r 

2 

H 



HN 3 w 5( jj~ CH 3 

'N 
H 



0=C^ XH 



5C-CH 3 

!1 



5-Hydroxymethy Icytosine 

NH? 
1 

^C\ 
N sC-CH 2 0H 

( B 

o=c. xh 

N 
H 
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PYRIMIDINE 



PURINE 



10 



15 



20 



H 

:C 



N 3 s CK 
II 



hc! i Ice 



The major ribonucleotides and deoxyribonucleotides. 

Ribonucleoside 
5 '-monophosphates 



25 




H 



HC 



II 
"C 



,N 

aCH 
./ 

H 



2 ' -Deoxyr ibonucleoside 
5 • -monophosphates 




30 



General Structure 



General Structure 



35 



40 



45 



50 



55 



Names 

Adenosine 5 '-phosphoric acid 

(adenylic acid; AMP) 
Guanos ine 5 1 -phosphoric acid 

(guanylic acid; GMP) 
Cytidine 5 1 - phosphor ic acid 

(cytidylic acid; CMP) 
Uridine 5 '-phosphoric acid 

(uridylic acid; UMP) 



Names 

Deoxy adenosine 5 '-phosphoric acid 

(deoxyadenylic acid; dAMP) 
Deoxyguanosine 5 '-phosphoric acid 

(deaxyguanylic acid; dOlP) 
Deoxycytidine 5 '-phosphoric acid 

(deaxycytidylic acid; dCMP) 
Deoxy thymidine 5 '-phosphoric acid 

(decxythymidylic acid; dTMP) 



The special nucleotides in accordance with this invention, as indicated hereinabove, in add.tion to the P S 
and B moieties, include a chemical moiety Sig coavalently attached to the P. S and/or B mo.et.es Of 
special interest in accordance with the practices of this invention would be those nucleotides having the 
general formula, 

P - S - B - Sig 

wherein P is the phosphoric acid moiety including mono-, di-, tri- or tetraphosphate, S the sugar 
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monosaccharide moiety, B the base moiety, either a purine or a pyrimidine. The phosphoric acid moiety P 
is attached at the 3' and/or the 5' position of the S moiety when the nucleotide is a deoxyribonucleotide and 
at the 2*. 3' and/or 5' position when the nucleotide is a ribonucleotide. The base B moiety is attached from 
the N1 position or the N9 position to the 1' position of the S moiety when the base moiety is a pyrimidine 
or a purine, respectively. The Sig moiety is covalently attached to the B moiety of the nucleotide and when 
so attached is capable of signalling itseif or makes itself self-detecting or its presence known and desirably 
or preferably permits the incorporation of the resulting nucleotide P - S - B - Sig into or to form a double- 
stranded helical DNA or RNA or DNA-RNA hybrid and/or to be detectable thereon. 

Another special nucleotide in accordance with this invention is characterized by the general formula: 

Sig 



P - S - B 

75 

Such nucleotides in accordance with this invention would be characterized as ribonucleotides. The 
phosphoric acid moiety is attached at the 2\ 3' and/or 5' position of the sugar S moiety and the base B 
being attached from the N1 position or the N9 position to the V position of the sugar S moiety when said 
20 base is a pyrimidine or a purine, respectively. The Sig chemical moiety is covalently attached to the sugar 
S moiety and said Sig chemical moiety where attached to said S moiety is capable of signalling itself or 
making itself self-detecting or its presence known and preferably permits the incorporation of the 
ribonucleotide into its corresponding double- stranded RNA or a DNA-RNA hybrid. 
Such nucleotides 

25 

Sig 
P - S - B 

30 

desirably have the Sig chemical moiety attached to the C2* position of the S moiety or the C3* position of 
the S moiety. 

Still further, nucleotides in accordance with the practices of this invention include the nucleotides having 
35 the formula, 



40 



Sig 
t 



P - S - B 



wherein P is the phosphoric acid moiety, S the sugar moiety and B the base moiety. In these special 
nucleotides the P moiety is attached to the 3' and/or the 5* position of the S moiety when the nucleotide is 
45 deoxyribonucieotide and at the 2\ 3' and/or 5' position when the nucleotide is a ribonucleotide. The base B 
is either a purine or a pyrimidine and the B moiety is attached from the N1 or the N9 position to the V 
position of the sugar moiety when said B moiety is a pyrimidine or a purine, respectively. The Sig chemical 
moiety is covalently attached to the phosphoric acid P moiety via the chemical linkage 



50 



OH 



- P - 0 - Sig 
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said Sig, when attached to said P moiety being capable of signalling itself or making itself self-detecting or 
its presence known and desirably the nucleotide is capable of being incorporated into a double-stranded 
polynucleotide, such as DNA, RNA or DNA-RNA hybrid and when so incorporated therein is still self- 
detecting. . 

5 It is pointed out that the special nucleotides in accordance with the practices of this invention described 
or defined hereinabove by the general formula P - S - B - Sig, also include nucleotides wherein the Sig 
chemical moiety is covalently attached to the B moiety at the N e or 6- amino group position when the B 
moiety is adenine or the N 2 or 2-amino group position when the B moiety is guanine or the N 4 or 4-amino 
group position when the B moiety is cytosine. The resulting nucleotides containing the Sig moiety attached 

to thereto are capable of signalling themselves or making themselves self-detecting or their presence known 
and being detectable is a double-stranded or DNA, RNA or DNA-RNA hybrid. 

By way of summary, as indicated hereinabove with respect to the make-up of the various special 
nucleotides in accordance with this invention, the special nucleotides can be described as comprising a 
phosphoric acid moiety P, a sugar moiety S and a base moiety B, a purine or pyrimidine, which 

rs combination of P-S-B is well known with respect to and defines nucleotides, both deoxyribonucleotides and 
ribonucleotides. The nucleotides are then modified in accordance with the practices of this invention by 
having covalently attached thereto, to the P moiety and/or the S moiety and/or the B moiety, a chemical 
moiety Sig. The chemical moiety Sig so attached to the nucleotide P-S-B is capable of rendering or making 
the resulting nucleotide, now comprising P-S-B with the Sig moiety being attached to one or more of the 

20 other moieties, self-detecting or signalling itself or capable of making its presence known per se, when 
incorporated into a polynucleotide, especially a double-stranded polynucleotide, such as a double-stranded 
DNA a double-stranded RNA or a double-stranded. DNA-RNA hybrid. The Sig moiety desirably should not 
interfere with the capability of the nucleotide to form a double-stranded polynucleotide containing the 
special Sig-containing nucleotide in accordance with this invention and, when so incorporated therein, the 

25 Sig-containing nucleotide is capable of detection, localization or observation. 

The Sig component of the nucleotides in accordance with this invention and the nucleotides and 
polynucleotides incorporating the nucleotides of this invention containing the Sig component are equivalent 
to and useful for the same purposes as the nucleotides described in EP-A2-0 063 879. 

More specifically, the chemical moiety A described in EP-A2-0 063 879 is functionally the equivalent of 

30 the Sig component or chemical moiety of the special nucleotides of this invention. Accordingly, the Sig 
component or chemical moiety of nucleotides of this invention can be directly covalently attached to the P, 
S or B moieties or attached thereto via a chemical linkage or linkage arm as described in EP-A2-0 063 879 
as indicated by the dotted line connecting B and A of the nucleotides of EP-A2-0 063 879 The various linker 
arms or linkages identified in EP-A2-0 063 879 are applicable to and useful in the preparation of the special 

35 nucleotides of this invention. 

A particularly important and useful aspect of the special nucleotides of this invention is the use of such 
nucleotides in the preparation of DNA or RNA probes. Such probes would contain a nucleotide sequence 
substantially matching the DNA or RNA sequence of genetic material to be located and/or identified. The 
probe would contain one or more of the special nucleotides of this invention. A probe having a desired 

40 nucleotide sequence, such as a single- stranded polynucleotide, either DNA or RNA probe, would then be 
brought into contact with DNA or RNA genetic material to be identified. Upon the localization of the probe 
and the formation of a double-stranded polynucleotide containing the probe and the matching DNA or RNA 
material to be identified, the resulting formed double-stranded DNA or RNA-containing material would then 
he observable and identified. A probe in accordance with this invention may contain substantially any 

45 number of nucleotide units, from about 5 nucleotides up to about 500 or more, as may be required. It would 
appear that 12 matching, preferably consecutive, nucleotide units would be sufficient to effect an identifica- 
tion of most of the DNA or RNA material to be investigated or identified, if the 12 nucleotide sequence of 
the probe matches a corresponding cooperative sequence in the DNA or RNA material being investigated 
or to be identified. As indicated, such probes may contain one or more of the special Sig-containing 

so nucleotides in accordance with this invention, preferably at least about one special nucleotide per 5-10 of 
the nucleotides in the probe. 

Claims 

55 1. A nucleotide to which is covalently attached a moiety that is capable of chelating an ion. 
2. The nucleotide according to claim 1 selected from the group consisting of: 
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(i) a nucleotide having the formula 



70 



P-S-B-Sig 

wherein P is a phosphate moiety, S is a sugar moiety, B is a pyrimidine, purine or 7-deazapurine 
moiety, Sig comprises a moiety capable of chelating a detectable ion, P being attached at the 3* or 
the 5' position of S when the nucleotide is a deoxyribonucleotide and at the 2\ 3' or 5' position when 
the nucleotide is a ribonucleotide, B being attached to the V position of S from the N 1 position when 
B is a pyrimidine or the N 9 position when B is a purine or a 7-deazapurine, and Sig is directly or 
indirectly attached to B at a position other than the C 5 position when B is a pyrimidine, at a position 
other than the C 8 position when B is a purine and at a position other than the C 7 position when B is 
a 7-deazapurine; 

(ii) a ribonucleotide having the formula, 



75 



20 



25 



Sig 



B 



wherein P is a phosphate moiety, S is a sugar moiety, B is a pyrimidine purine or 7-deazapunne 
moiety, and Sig comprises a moiety capable of chelating a detectable ion, P being attached at the 
2' 3* or 5* position of S, B being attached to the V position of S from the N 1 position when B is a 
pyrimidine or the N 9 position when B is a purine or 7-deazapurine; and Sig is directly or indirectly 

attached to S; and 

(iii) a nucleotide having the formula, 



30 



Sig 



B 



35 



40 



wherein P is a phosphate moiety, S is a sugar moiety, B is a pyrimidine, purine or 7-deazapurine 
moiety, Sig comprises a moiety capable of chelating a detectable ion, P being attached to the 3* or 
the 5' position of S when said nucleotide is a deoxyribonucleotide and at the 2', 3' or 5' position 
when said nucleotide is a ribonucleotide, B being attached to the V position of S from the N 1 
position when B is a pyrimidine or the N 9 position when B is a purine, and wherein Sig is directly or 
indirectly attached to P. 

3. The nucleotide according to claim 2, wherein the moiety that is capable of chelating ions comprises two 
nitrogens and four carboxyl-containing groups, wherein two of said carboxyl-containing groups are 
attached to each of said nitrogens. 

45 4. The nucleotide according to claim 3, wherein the moiety that is capable of chelating ions is a carboxy- 
substituted diamine. 

5. The nucleotide according to claim 4, wherein the moiety that is capable of chelating ions has the 
structural formula: 

50 



55 
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10 




CH-COOrt 



CSjCOOM 



CH 2 COOM 



T5 



CH-COOM 



wherein M is hydrogen or a suitable cation. 
6. The nucleotide according to claim 5. wherein the moiety that is capable of. chelating ions has the 



20 



structural formula: 



25 



30 




CK 2 CCOM 



35 



CH 2 CCC« 



40 7. 



wherein M is hydrogen or a suitable cation. 

The nucleotide according to claim 6, wherein the moiety that is capable of chelating ions has the 
structural formula: 




CH 2 C00M 



45 



-*Uyl- C - KH N N 



so 



ch-cook 
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CHjCQQM 
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wherein M is hydrogen or a suitable cation. 

a The nucleotide according to claim 1 , wherein the ion is selected from the group consisting of an ion of 
I rado^ive metal, an ion of a metal capable of catalyzing a chromogenic or fluorogen.c reacfon and 
an to^of a metal capable of fluorescing or chemi.uminescing a.one or when in comb.nat.on w,th another 
compound. 

q Thfl nuc | eo , id e according to claim 1, wherein the moiety that is capable of chelating ions is covalently 
IJac ed o he ba e sug'ar or phosphorus-containing moiety through a linkage group, the linkage group 
SSS « olefinic bond at the a-position relative to the point of attachment to the n*-**"^ 
Including a -CH 2 NH-moietynot interfering substantially with the character.**: abrtrty of the mo,ety to 

chelate ions. 

10 . The nucleotide according to claim 1 further comprising a heavy metal or rare earth ion, the ion being 
, 5 chelated by the moiety that is capable of chelating ions. 

11. The nucleotide according to claim 9, wherein the linkage group comprises an allylamine group. 



70 



12. The compound: 



20 



25 



30 



35 



40 
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wherein M is hydrogen or a suitable cation. 



13. The compound: 



CH., CCCK 



CH^CCCK 



3 2 COQM 



,CH 2 CCCM 



dUT? -UlyL- KK- 



50 




55 



wherein M is hydrogen or a suitable cation. 
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14. An oligo- or polynucleotide characterized by at least one moiety that is capable of chelating ions, the 
' moiety being attached to at least one nucleotide of the oligo- or polynucleotide. 

15 The oligo- or polynucleotide according to claim 14, wherein said moiety that is capable of chelating 
5 ions comprises two nitrogens and four carboxyl-containing groups, wherein two of said four carboxyl- 

containing groups are attached to each of said nitrogens. 

16 The nucleotide according to claim 10, wherein the ion is selected from the group consisting of an ion of 
a radioactive metal, an ion of a metal capable of catalyzing a chromogenic or fluorogenic reaction and 

70 an ion of a metal capable of fluorescing or chemiluminescing alone or when in combination with another 
compound. 

17. The nucleotide according to claim 16. wherein the radioactive metal is an isotope of bismuth, nickel, tin, 
technetium, mercury or cobalt. 

75 

18. The nucleotide according to claim 16, wherein the catalyzing metal is cobalt. 

19 The nucleotide according to claim 1, wherein the phosphorus-containing moiety is a mono-.di or tri- 
phosphate and the chemical moiety is covalently attached to the phosphorus-containing moiety through 
20 a phosphate oxygen. 

20. The nucleotide according to claim 1 wherein said ion comprises a detectable ion. 
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35 



40 



Patentansprtiche 

1. Nucleotid, an das kovalent eine Einheit gebunden ist, die mit einem Ion ein Chelat bilden kann. 

2. Nucleotid nach Anspruch 1 , das 

(i) ein Nucleotid mit der Forme! 

P-S-B-Sig 

ist wobei P eine Phosphateinheit, S eine Zuckereinheit. B eine Pyrimidin-, Purin- oder 7-Deazapurin- 
einheit ist Sig eine Einheit umfaBt, die mit einem nachweisbaren Ion ein Chelat bilden kann, P an 
die 3'- oder 5'-Position von S gebunden ist, wenn das Nucleotid ein Desoxyribonucleotid ist und an 
die 2'- 3'- oder S'-Position, wenn das Nucleotid ein Ribonucleotid ist, B Uber die N 1 -Position an die 
1 "-Position von S gebunden ist, wenn B ein Pyrimidin ist und Uber die N'-Position, wenn B e.n Pur.n 
oder ein 7-Deazapurin ist, und Sig direkt oder indirekt an B an eine Position gebunden ist, die nicht 
die (^-Position ist, wenn B ein Pyrimidin ist, die nicht die C 8 -Position ist, wenn B ein Punn ist, und 
die nicht die C 7 -Position ist. wenn B ein 7-Deazapurin ist; 

(ii) ein Ribonucleotid mit der Formel 



45 



50 



55 



Sig 



B 



ist wobei P eine Phosphateinheit. S eine Zuckereinheit. B eine Pyrimidin-. Purin- oder 7-Deazapunn- 
einheit ist und Sig eine Einheit umfaBt. die mit einem nachweisbaren Ion ein Chelat bilden kann, P 
an die 2'- 3'- oder 5'-Position von S gebunden ist, B Uber die N'-Position an die 1 '-Position von S 
gebunden ist, wenn B ein Pyrimidin ist. oder Uber die N'-Position, wenn B ein Purin oder 7- 
Deazapurin ist; und Sig direkt oder indirekt an S gebunden ist; oder 
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(iii) ein Nucleotid mit der Formel 



Sig 

5 

P S 8 



10 



75 



ist wobei P eine Phosphateinheit, S eine Zuckereinheit, B eine Pyrimidin-, Purin- oder 7-Deazapurin- 
einheit ist Sig eine Einheit urnfaBt, die mit einem nachweisbaren Ion ein Chelat bilden kann, P an 
die 3'- oder die S'-Position von S gebunden ist. wenn das Nucleotid ein Desoxyribonucleotid ist, und 
an die 2'- 3'- oder 5'-Position, wenn das Nucleotid ein Ribonucleotid ist, B Uber die N'-Posit.on an 
die 1 '-Position von S gebunden ist, wenn B ein Pyrimidin ist. oder Uber die N 9 -Position, wenn B em 
Purin ist, und Sig direkt oder indirekt an P gebunden ist. 

3. Nucleotid nach Anspruch 2, wobei die Einheit. die mit lonen Chelate bilden kann. zwei Stickstoffe und 
vier carboxylhaltige Gruppen urnfaBt. und wobei zwei der carboxylhaltigen Gruppen an jeden der 
Stickstoffe gebunden sind. 

4. Nucleotid nach Anspruch 3. wobei die Einheit, die mit lonen Chelate bilden kann, ein carboxyl- 
substituiertes Diamin ist. 

5. Nucleotid nach Anspruch 4, wobei die Einheit, die mit lonen Chelate bilden kann, die folgende 
25 Strukturformel aufweist: 



20 
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cocoon 



CS 2 COOM 



CH 2 COOM 



CS^CCOM 



45 



wobei M ein Wasserstoffatcm oder ein geeignetes Kation ist 



6. Nucleotid nach Anspruch 5, wobei die Einheit, die mit lonen Chelate bilden kann, die folgende 
Strukturformel aufweist: 



50 
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15 



25 



30 




C2-CCCM 



GL,COOK 



-L.CCCH 





<=*7 



cco« 



wobei M ein Wasserstoffatom oder ein geeignetes Kation ist. 

7. Nucleoid nach Anspruch 6. wobei die Einheit, die mit lonen Chelate bilden kann, die folgende 
20 Strukturformel aufweist 

CH-COOM 

4 




35 




CH-COQH 



COOM 



wobei M ein Wasserstoffatom oder ein geeignetes Kation ist. 



„ 8. Nucleotid nach Anspruch 1 . wobei das Ion ein ion eines radioaktwen Me ails. ™ ■"^J^jj 
eine chromogene oder fluorogene Reaktion katalysieren kann. oder ein Ion eines Metalls st - .Jas aUein 
oder. wenTes "n Kombination mit einem anderen Stoff vorliegt. fluoreszieren oder chem.lummesz-eren 

kann. 

« 9 Nuc'eotid nach Anspruch 1 . wobei die Einheit. die mit lonen Chelate bilden kann. mit der Baseneinhert 
SS^inheToder Shosphor-enthaltenden Einheit kovalent Gber eine BrUckengruppe gebunden is , d,e 
Itl^uwL olefinische Bindung an der a-Position relativ zur Bindungsstelle an das ; Nucleotid 
undSder S -CH 2 NH-Einheit enMlt. die die kennzeichnende Fahigkeit der Emheit. nut lonen Chelate 
zu bilden, nicht wesentlich stort. 

10 Nucleotid nach Anspruch 1, das ferner ein Schwermetall- oder Seltene Erden-.on umfaBt. wobei das Ion 
mit der Einheit ein Chelat bildet. die mit lonen Chelate bilden kann. 

11. Nucleotid nach Anspruch 9, wobei die Bruckengruppe eine Allylaminogruppe umfaBt. 

55 
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12. Verbindung 
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C^C COM 




20 



in 



der M ein Wasserstoffatom oder ein geeignetes Kation ist 



13. Verbindung 



25 



30 



35 



CH-CCCK 

• 2 




45 



40 

in der M ein Wasserstoffatom oder ein geeignetes Kation ist. 

14 Oligo- oder Polynucleotid, gekennzeichnet durch mindestens eine Einheit, die mit lonen Chelate bilden 
kann, wobei die Einheit an mindestens ein Nucleotid des Oligo- oder Polynucleotids gebunden ist. 

15 Oligo- Oder Polynucleotid nach Anspruch 14, wobei die Einheit, die mit lonen Chelate bilden kann, zwei 
Stickstoffe und vier carboxylhaltige Gruppen umfaSt und zwei der vier carboxylhalt.gen Gruppen an 
jeden der Stickstoffe gebunden sind. 

16 Nucleotid nach Anspruch 10, wobei das Ion ein Ion eines radioaktiven Metalls, ein Ion eines Metalls, 
das eine chromogene oder fluorogene Reaktion katalysieren kann oder ein Ion e.nes Metalls ist, das 
allein oder, wenn es in Kombination mit einem anderen Staff vorliegt. fluoreszieren oder chemilumines- 
zieren kann. 

55 17. Nucleotid nach Anspruch 16, wobei das radioaktive Metall ein Wsmut-, Nickel, Zinn-, Technetium-. 
Quecksilber- oder Kobaltisotop ist. 
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8. Nucleotid nach Anspruch 16, wobei das katalysierende Metall Kobalt ist. 
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19 Nucleotid nach Anspruch 1, wobei die Phosphor-enthaltende Einheit ein Mono-, Di- Oder Triphosphat ist 
und die chemische Einheit Uber einen Sauerstoff des Phosphats kovatent an die Phosphor-enthaltende 
Einheit gebunden ist. 

20. Nucleotid nach Anspruch 1 , wobei das Ion ein nachweisbares Ion umfafit. 
Revendlcations 

1. Un nucleotide auquel est fixe de facon covalente une fraction qui est susceptible de chelater un ion. 

2. Le nucleotide selon la revendication 1 , choisi dans le groupe constitue de : 

(i) un nucleotide ayant la formule 

P-S-B-Sig 

dans laquelle P est une fraction phosphate, S est une fraction sucre, B est une fraction pyrimidine, 
purine ou 7-deazapurine, Sig comporte une fraction susceptible de chelater un ion detectable, P 
etant fixe sur la position 3' ou la position 5* de S lorsque le nucleotide est un desoxyribonucieotide 
et sur la position 2\ 3' ou 5' lorsque le nucleotide est un ribonucleotide, B etant fixe sur la position 
V de S a partir de la position N 1 lorsque B est une pyrimidine ou sur la position N 9 lorsque B est 
une purine ou une 7-deazapurine, et Sig est directement ou indirectement fixe a B sur une position 
autre que la position C 5 lorsque B est une pyrimidine, sur une position autre que la position C 
lorsque B est une purine et sur une position autre que la position C 7 lorsque B est une 7- 
deazapurine ; 

(ii) un ribonucleotide ayant la formule, 

Sig 
I 

P S B 
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dans laquelle P est une fraction phosphate, S est une fraction sucre, B est une fraction pyrimidine, 
purine ou 7-deazapurine, et Sig comporte une fraction susceptible de chelater un ion detectable, P 
etant fixe sur les positions 2\ 3' ou 5' de S. B etant fixe sur la position 1' de S a partir de la pos.t.on 
N 1 lorsque B est une pyrimidine ou de la position N 9 lorsque B est une purine ou une 7-deazapunne 



et Sig est directement ou indirectement fixe a S ; et 
(iii) un nucleotide ayant la formule 



Sig 
1 

P — S B 



dans laquelle P est une fraction phosphate, S est une fraction sucre, B est une fraction pyrimidine^ 
purine ou 7-deazapurine, Sig comporte une fraction susceptible de chelater un ion detectable, P 
e*art *ix* dans la position 3' ou dans la position 5' de S lorsque ledit nucleotide est un 
desoxyribonucieotide et dans la position 2\ 3' ou 5' lorsque iedit nucleotide est un ribonucleotide, B 
etant fixe dans la position V de S a partir de la position lorsque B est une pyrimidine ou dans la 
position N 9 lorsque B est une purine, et dans laquelle Sig est directement ou indirectement fixe a P. 

3. Le nucleotide selon la revendication 2, dans lequel la parlie qui est susceptible de chelater des ions 
comporte deux azotes et quatre groupes renfermant du carboxyle, deux desdits groupes renfermant du 
carboxyle etant fixes a chacun desdits azotes. 

4. Le nucleotide selon la revendication 3, dans lequel la partie qui est susceptible de chelater des ions est 
une diamine a substitution carboxy. 

5. Le nucleotide selon la revendication 4, dans lequel la partie qui est susceptible de chelater des ions 
presente ia formule structureile 
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dans laquelle M est de I'hydrogene ou un cation approprie. 

Le nucleotide seion la revendication 5. dans lequel la partie qui est susceptible de chelater des ions 
presente la formula structured : 




^2 



CCCM 



CH^COOK 



2 



C20M 



C3- 



CCCW 



dans laquelle M est de I'hydrogene ou un cation approprie. 

Le nucleotide selon la revendication 6, dans lequel la fraction qui est susceptible de chelater des ions 



presente la formule structurelle : 



-*ilyl- C - MH r* * 




CCCM 



ll 





CH.CCOM 
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dans laquelle M est de I'hydrogene ou un cation approprie\ 



a Le nucleotide selon la revendication 1, dans lequel I'ion est choisi dans le groupe consttue d un ton de 
met7 L oact f d'un ion d'un metal susceptible de catalyser une reaction chromogene ou fluorogene 
5 et un Z ^ d uTmetal capable de produire de la fluorescence ou de la luminescence ch.m.que seul ou 
lorsqu'il est combing avec un autre compose. 

9 Le nucleotide selon la revendication 1 . dans lequel la fraction qui est susceptible de chelater des ions 
« fixee de fagon cova«ente a la fraction de base, la fraction du sucre ou la fract,on du phosphore pa 

,„ 315^ groupe de liaison, ,e groupe de Haison ^^^^ZS^ 
a par rapport au point de fixation du nucleotide et/ou comportant une fraction -CH 2 NH-n .nterferant pas 
en pratique avec faptitude caractiristique de la fraction a chelater des ions. 

10 Le nucleotide selon la revendication 1, comportant en outre un ion de metel lourd ou de metal de terres 
,s ' rares, cet ion <5tant chelate par la fraction qui est susceptible de chelater des .ons. 

11. Le nucleotide selon la revendication 9, dans lequel le groupe de liaison comporte un groupe allylamine. 
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12. Le compose 
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dans lequel M est de I'hydrogene ou un cation approprie\ 



13. Le compose" : 



dUT? -illyl- KE- 
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dans tequel M est de I'hydrogene ou un cation approprie. 
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14 Un oligo- ou polypeptide caracterise par au moins une fraction qui est d6S 
ions la fraction etant fixee a au moins un nucleotide de ,-oligonucleot,de ou du polynucleotide. 

15 L'oliao- ou polynucleotide selon la revendication 14. dans lequel ladite partie qui est susceptible de 
5 chelater des tns comporte deux azotes et quatre groupes renfermant du carboxyie. deux desd,ts 

groupes renfermant du carboxyie etant fixes a chacun desdits azotes. 

16 lb nucleotide selon la revendication 10, dans lequel Hon est choisi dans le groupe constitue d'un ion 
Z m ? a rradioactif d'un ion d'un metal susceptible de catalyser une react.cn chromogene ou 

„ ftrogte ^ d"n ion d'un metal susceptible de produire une fluorescence ou une luminescence 
chimique, seul ou lorsqu'il est combine avec un autre compose. 

17 Le nucleotide selon la revendication 16. dans lequel le metal radioactif est un isotope de bismuth, de 
nickel, d'etain, de technetium, de mercure ou de cobalt. 

' 5 18. Le nucleotide selon la revendication 16, dans lequel le metal catalyseur est du cobalt. 

, • «ion i* rfivendication 1 dans lequel la fraction renfermant du phosphore est un mono-, 
20 phosphore par I'intermediaire d'un oxygene du phosphate. 

20. Le nucleotide selon la revendication 1, dans lequel ledit ion comprend un ion detectable. 
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